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Introduction 
The analog integrated circuits (IC), operating at low temperatures up to the 
temperature of liquid nitrogen, are widely used in different areas: research tool 
engineering, cryogenic instrumentation and medical devices, scientific instru-
ments for the Arctic and Antarctic Regions. In case, when the low-temperature 
analog ICs are designed to detect the extreme small signals of various sensors of 
particles, ionizing and optical radiation, the silicon JFET is more often used as a 
head low-noise transistor, in others the silicon MOS transistors or SiGe BiCMOS 
are mostly used [1-3]. 
It should be noted, that BiCMOS SiGe technology is in high demand as it 
allows creating complex systems-on-a-chip, including either microwave SiGe bi-
polar functional blocks or CMOS processors and other digital devices [4]. Be-
sides, the hardware components, created on the BiCMOS SiGe technologies, are 
highly resistant to the effects of penetrating radiation [5]. 
These factors explain why the low-temperature research of characteristics of 
SiGe transistors is of great interest and why there are a lot of publications about 
them. Let’s emphasize the most important among them [6-8].  
Unfortunately, in the carried out investigations [9-13] the studies of the main 
CVCs of SiGe HBTs within the temperature range up to minus -195˚С, which 
                                           
1 http://radap.kpi.ua/radiotechnique/article/view/1340  
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determine the static parameters and the performance of the analog ICs, are down-
played. 
The aim of this article is to discuss the results, obtained in the experimental 
studies, which are especially important for the analog IC low temperature features 
of SiGe BTs, including 
- the dependences of static base current gain βF on the collector current IC and 
the collector-to-base voltage Ucb; 
- the dependences of IC and the base current IB on the base-to-emitter voltage 
Ube (Gummel’s plots); 
- the output CVC in the CEC, i.e. the dependences of Ic on the collector-to-
emitter voltage Uce at the preset Ib. 
The Study Samples and the Measurement Technique 
The test chip SGB25V_019P, which consists of four n-p-n transistors of n-p-
nH type, connected in parallel, and two polysilicon resistors with the resistance 
close to 3 kiloohm is studied. Each transistor has 16 emitters with the size of 
0.42х3.36 µm2, located in the form of the matrix 8х2. The test chip is produced 
on the technology of 0.25 µm SiGe BiCMOS of SGB25V type and assembled into 
the package 5140.8-АНЗ with the capacity of the current-carrying elements not 
higher than 3 pF. The sample structure of the transistor is shown in Fig. 1 [5], and 
the main parameters of the n-p-nH type transistor are presented in Table 1 [14]. 
 
Fig. 1. The sample structure of the transistor of n-p-nH type produced on the SGB25V 
technology of IHP [14]. 
The low-temperature measurements are carried out on the experimental setup, 
given in Fig. 2. The measured transistors are located in a metal glass, placed in 
the liquid nitrogen with the help of a rod (Fig. 3) with a wire harness of twisted 
pairs inside for connection to the semiconductor item tester SCIT-1 IPPP-1. The 
measured data are delivered to the personal computer (PC) through the RS-232 
interface. 
Table 1: The main parameter of the transistor of n-p-nH type [14] 
Name of the parameter Value 
Size of the emitter, AE 0.42x0.84 µm 2 
Peak cut-off frequency, fT 25 GHz 
Collector-to-emitter breakdown voltage, BUCE0 7.0 V 
Collector-to-base breakdown voltage, BUCB0 >20 V 
Early’s voltage, UA >100 V 
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Fig. 2. The circuit of the experimental setup for the low-temperature measurements. 
 
 
Fig. 3. The fixture for the low-temperature measurements. 
The thermocouple of M type, defined in the Standard-Р 8.585—2001 (Co-
per/Copel), is used to control the temperature. It is located close to the measured 
transistors. The temperature is registered by the “cold junction compensation” 
technique, at which an exposed end of the thermocouple is placed in the glass with 
water and floating ice (in Fig. 2 it is marked as a “glass of ice water”). The thermal 
emf of the thermocouple is fixed by the voltmeter B7-65 and is delivered to the 
PC through the RS-232 interface. The measurements are carried out in the auto-
matic mode under the control of the program in “VEE Pro” environment.  
To eliminate the effect of the self-excitation of transistors the preparations are 
carried out with the help of the transistor curve tracer L2-56 before the beginning 
of the low-temperature measurements. 
Thus, Fig. 4a gives a photo of the output CVC in the CEC of the n-p-n tran-
sistor SGB25V_019P, directly connected with L2-56, and Fig. 4b presents a photo 
of the same transistor, where the inductance coil with the resistance of 0.1 Ohm 
and the inductance of 50 µHY is connected to the collector circuit. 
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а) b) 
Fig. 4. The photo of the output CVC in the CEC of the n-p-n transistor SGB25V_019P, 
registered by the transistor curve tracer L2-56: а – a direct connection of the transistor with 
L2-56; b – an inductance coil with the resistance of 0.1 Ohm and the inductance of 50 µHY is 
connected to the collector circuit. 
The final circuit of connection of the measured transistors to the IPPP-1 is 
shown in Fig. 5, by the way, the values of the resistance Rb, the capacitance С1 
and the parameters of the inductance coils L1-L3 are chosen to eliminate the self-
excitation of transistors, connected with the tester by a long twisted pair. Besides: 
- one electrical conductor of the screened twisted pair is connected to each 
output: N1, N2, N3, and the second electrical conductor and the screen are 
grounded; 
- the capacitor C1 without pins, located as close as possible to the package of 
the studied sample, is used;  
- the resistor Rb of CP-25 type and the filter CB6A-830263 with a ferrite core 
are applied. 
Let’s note that R1, R2 are polysilicon resistors, located on the test chip. They 
are a resistance divider entered between the pins of the positive VCC and negative 
VEE voltage supplies. This divider is designed for setting the base potential of the 
SiGe transistor. 
 
Fig. 5. The connection circuit of the n-p-n transistor SGB25V_019P at the remote 
measurements of СМС within the temperature range from 27°С up to minus -195°С. 
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The low-temperature measurements are carried out in the following way: 
- to carry out the low-temperature measurements (Fig. 3) the samples of the 
measured transistors are placed in the metal glass of the fixture, which is 
completely embedded in the liquid nitrogen; 
- the temperature in the glass is measured with the help of the thermocouple, 
and when the temperature reaches the value minus -195±5˚С, the measurements 
of the transistors are carried out; 
- the glass of the fixture is lifted to be partially covered by the liquid nitrogen, 
and next measurements of transistors are carried out, when the temperature level 
is higher than the temperature of the liquid nitrogen. 
Measurement Data 
Fig. 6-9 give typical temperature dependences, which are the most important 
for designing the analog ICs. 
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Fig. 6. The dependence of  Ic on Uce, when 
Ib=8 uA within the temperature range. 
Fig. 7. The dependence of Ic on Uce, when 
Ib=300 uA within the temperature range. 
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Fig. 8. The dependence of βF =Ic/Ib  on Ie, 
when Ucb = 1; 3 V (T = 25˚C). 
Fig. 9. The dependence of βF on Ie, when 
Ucb = 1 V within the temperature range. 
 Функціональна електроніка. Мікро- та наноелектронна техніка 
 Вісник Національного технічного університету України «КПІ» 
92 Серія — Радіотехніка. Радіоапаратобудування. — 2016. — №66 
-300
-200
-100
0
100
200
300
0,01 0,1 1 10 100
Ua , V
IE, mA  
Ueb
-600m -700m -800m
160
200
240
260
Ic/Ib
Ucb=3V
Ucb=1V
 
Fig. 10. The dependence of the Early’s voltage 
(Ua) on Ie, when T = 25˚C. 
Fig. 11. The dependence of βF on Ueb, when 
Ucb = 1; 3 V (T = 25˚C). 
The analysis of the obtained results allows determining the following features 
of CVCs of SiGe n-p-n- transistors of the SGB25V technology: 
1. As it is seen from the Gummel’s plots, the average value of the thermal 
coefficient of the forward voltage drop on the emitter junction within the temper-
ature range from minus -195˚C up to 25˚C is minus -1.75 mV/˚C. 
2. The weak dependence βF=f(Ie) is determined, when T = 25˚C, and at low 
temperatures the increase of βF at small Ie and the fall of βF at large Ie are fixed 
(Fig. 9). Such temperature change of βF coincides with the results, given in [10]. 
3. In the output CVC in the CEC in the region of large currents (Fig. 7) at the 
temperature 25˚C there is a region of negative differential collector resistance 
rСOUT=dIc/dUce<0. There is no such effect at other studied temperatures. It should 
be noted, that this effect is observed in various SiGe n-p-n transistors, but in dif-
ferent regions of the collector currents and temperatures [10, 12]. In a quality 
manner    rСOUT <0 can be described by the negative value of the Early’s voltage 
(Ua), i.e. [15]: 
 Ua≈ rСOUT·|Ic|.  (1) 
4. When T = 25˚C, we observe the increase of βF at the enlargement of Ucb in 
the region of small emitter currents, and we can determine the decrease of βF at 
the growth of Ucb in the region of large emitter currents (Fig. 8). This effect can 
also be described by the negative value of Early’s voltage [15]: 
 2 1 F1
2 F1
Ucb Ucb
U β
β βF
a



, (2) 
where βF1, βF2 are values of the parameters at the voltage Ucb1, Ucb2 correspond-
ingly. 
The calculation results of the dependence of Ua=f(Ie) at T = 25˚C are given 
in Fig. 10, where there is a large region of almost constant Ua, and then the fast 
growth of Ua and the change of its polarity. 
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For validation of the measurement results, presented in Fig. 8, from the Gum-
mel’s plots we obtain the dependence βF=f(Ucb, Ube) (Fig.11), which occurs very 
close to the diagrams of Fig. 8, considering, that the extreme values of Ube in 
Fig. 11 correspond to the collector current, equal to 10 uA and 30 mA. 
When designing the low-temperature analog ICs it is important to know the 
effect of the temperature on the capacitances of p-n-junctions and the temperature 
resistance coefficient of the resistors TR: 
 
T
N
N
R
1
R
TR
T T



, (3) 
where RT, RN are resistances of the resistor at the current T and nominal TN tem-
perature. 
As it follows from Fig. 12, 13, the pol-
ysilicon resistors of the test chip 
SGB25V_019P are characterized by high 
linearity of CVC and low negative temper-
ature coefficient, the absolute value of 
which increases with the decrease of the 
temperature. 
Let’s note that the capacitance of the 
emitter junction (Fig.14) decreases by a 
factor of 3.44 when the temperature de-
creases from 25˚C to minus -195˚C. 
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Fig. 13. The dependence of the temperature 
resistance coefficient of the polysilicon 
resistor on the temperature. 
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Fig. 14. The dependence of the capacitance 
of the emitter junction CBEJ on the 
temperature at Ueb = 0. 
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Fig. 12. Sample CVC of polysilicon resistor 
at T = 25˚C, minus -195˚C. 
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Conclusion 
When carrying out the low-temperature measurements of the high-frequency 
SiGe HBTs, connected with the measuring systems by a long cable, a special at-
tention should be paid to the elimination of the transistor self-excitation. For this 
purpose it is recommended to connect the low-pass filters, the capacitor, shunting 
the emitter junction, and the resistor with a small resistance in a base circuit as 
close as possible to the pins of the base, emitter and collector. 
For the test transistor SGB25V_019P, produced by IHP, we determined a 
weak dependence βF=f(Ie) at T = 25˚C, the increase of βF at small Ie and the fall 
of βF at large Ie at low temperatures, the presence of the region of negative differ-
ential collector resistance.  
The carried out studies allowed drawing conclusion that the most widespread 
model of HBT of Gummel-Poon describes the characteristics of SiGe HBTs im-
properly in a wide temperature range. It is expedient to use the obtained experi-
mental data for identification of the parameters of the HBT model MEXTRAM.   
However, despite the mentioned features, SiGe HBTs, produced on the 
SGB25V technology of IHP, can be used for design of the high-quality and low-
temperature analog ICs. 
Acknowledgments 
The research is carried out at the expense of the Grant of the Russian Science 
Foundation (project № 16-19-00122). 
References 
1.  Dvornikov О.V., Tchekhovski V.А., Dziatlau V.L. and Prokopenko N.N.. (2015) Soz-
danie nizkotemperaturnykh analogovykh IS dlya obrabotki impul'snykh signalov datchikov. 
Chast' 1 [The creation of the low-temperature analog ICs for processing the impulse signals of 
sensors. Part 1]. Sovremennaya elektronika - Modern Electronics, No. 4, pp. 44-49. 
2.  Dvornikov О.V., Tchekhovski V.А., Dziatlau V.L. and Prokopenko N.N. (2015) Soz-
danie nizkotemperaturnykh analogovykh IS dlya obrabotki impul'snykh signalov datchikov. 
Chast' 2 [The creation of the low-temperature analog ICs for processing the imulse signals of 
sensors. Part 2]. Sovremennaya elektronika - Modern electronics, No. 5, pp. 24-29. 
3.  Dvornikov О.V., Tchekhovski V.А., Dziatlau V.L. and Prokopenko N.N. (2015) Soz-
danie nizkotemperaturnykh analogovykh IS dlya obrabotki impul'snykh signalov datchikov. 
Chast' 3 [The creation of the low-temperature analog ICs for processing the imulse signals of 
sensors. Part 3]. Sovremennaya elektronika - Modern electronics, No. 6, pp. 34-39. 
4. Malyshev I.V., Ionov P.L. and Repin V.V. (2008) Analog-digital microcircuits on the 
basis of Si-Ge technology – a new direction in a domestic SHF systems engineering. Problems 
of Perspective Micro- and Nanoelectronic Systems Development - 2008. Proceedings, Moscow, 
IPPM RAS, pp. 293-296 
5. Teply F. E., Venkitachalam D., Sorge R., Scholz R. F., Heyer H.-V., Ullan M., Diez S. 
and Faccio F. (2011) Radiation Hardness Evaluation of a 0.25 μm SiGe BiCMOS Technology 
with LDMOS Module. 2011 12th European Conference on Radiation and Its Effects on Com-
ponents and Systems, pp. 881-888. DOI: 10.1109/RADECS.2011.6131321. 
6. Cressler J.D. et.al. (2006) SiGe Integrated Electronics for Extreme Environments. 4th 
International Planetary Probe Workshop, Pasadena, CA. 
 Функціональна електроніка. Мікро- та наноелектронна техніка  
 Вісник Національного технічного університету України «КПІ» 
 Серія — Радіотехніка. Радіоапаратобудування. — 2016. — №66 95 
7. Cressler J. D. Low-Temperature Electronics. 6 th International Planetary Probe Work-
shop, Atlanta, Georgia. Short Course on Extreme Environments Technologies 6/08.  
8. Najafizadeh L., Zhu Ch., Krithivasan R., Cressler J., Cui Y., Niu G., Chen S., Ulaga-
nathan Ch., Blalock B. and Joseph A. (2006) SiGe BiCMOS Precision Voltage References for 
Extreme Temperature Range Electronics. 2006 Bipolar/BiCMOS Circuits and Technology 
Meeting, pp. 1-4. DOI: 10.1109/BIPOL.2006.311117.  
9. El-Ghanam S.M., Basit W. A. (2011) Performance of electronic switching circuits based 
on bipolar power transistors at low temperature. Cryogenics, Vol. 51, No. 3, pp. 117-123. 
10. Weinreb S., Bardin J.C. and Mani H. (2007) Design of Cryogenic SiGe Low-Noise 
Amplifiers. IEEE Trans. on Microwave Theory and Techniques, Vol. 55, No. 11, pp. 2306-
2312. 
11. Liang Q., Krithivasan R., Ahmed A., Lu Y., Li Y., Cressler J. D., Niu G., Rieh J.-S., 
Freeman G., Ahlgren D. and Joseph A. (2006) Analysis and understanding of unique cryogenic 
phenomena in state-of-the-art SiGe HBTs. Solid-State Electronics, Vol. 50, no. 6, pp. 964–972.  
12. Goryachev M., Galliou S., Abbé P. (2010) Cryogenic transistor measurement and mod-
eling for engineering applications. Cryogenics, Vol. 50, no. 6-7, pp. 381–389. 
doi:10.1016/j.cryogenics.2010.02.002 
13. Qin G., Jiang N., Ma J., Ma Z., Ma P. and Racanelli M. (2011) Dc characteristics of 
proton radiated SiGe power HBTs at cryogenic temperature. 2011 International Conference of 
Electron Devices and Solid-State Circuits (EDSSC), pp. 1-2. DOI: 
10.1109/EDSSC.2011.6117703 
14. Cressler J. D. ed. (2005) Silicon Heterostructure Handbook: Materials, Fabrication, 
Devices, Circuits and Applications of SiGe and Si Strained-Layer Epitaxy, CRC Press, 871 p. 
15. Dvornikov О. and Shulgevich Yu. (2009) Metody identifikatsii parametrov modelei 
integral'nykh tranzistorov. Chast' 2. Identifikatsiya parametrov modeli, opisyvayushchikh 
vol'tampernye kharakteristiki bipolyarnykh tranzistorov [The identification methods of the pa-
rameters of integrated transistor models. Part 2. The model parameter identification, describing 
the current voltage characteristics of BiJFETs]. Sovremennaya elektronika - Modern Electron-
ics, No. 6, pp. 52–61. 
 
Dvornikov О. V., Tchekhovski V. А., Dziatlau V. L., Prokopenko N. N. The main charac-
teristics of SiGe HBTs at low temperatures. The current-voltage curves (CVC) of n-p-n SiGe 
heterojunction bipolar transistors (HBT) are considered within the temperature range from 
minus -195˚С up to 25˚С, produced on the SGB25V technology of IHP. The experimental setup, 
the measurement technique and the connection features of transistors for elimination of the 
self-excitation are described.  The special attention is paid to the temperature dependences of 
the static base current gain βF in the common-emitter configuration (CEC) and to the output 
CVC characteristics of transistor in the CEC. 
Keywords: SiGe bipolar transistors, low temperatures, temperature of liquid nitrogen 
 
Дворніков О. В., Чеховський В. О., Дятлов В. Л., Прокопенко М. М. Основні харак-
теристики SiGe біполярних гетеротранзисторів за низьких температур. Розглянуті 
вольт-амперні характеристики (ВАХ) n-p-n SiGe біполярних транзисторів (БТ) в діапа-
зоні температур від мінус 195˚С до 25˚С, що виготовлені по технологічному маршруту 
SGB25V фірми IHP. Описана експериментальна установка, методика вимірювань і осо-
бливості ввімкнення транзисторів для усунення ефекту самозбудження. Особливу увагу 
приділено температурним залежностям статичного коефіцієнту підсилення струму 
бази в схемі з спільним емітером βF і вихідної ВАХ транзистора в схемі з спільним емі-
тером. 
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Ключові слова: SiGe біполярні транзистори, низькі температури, температура рід-
кого азоту. 
 
Дворников О. В., Чеховский В. А., Дятлов В. Л., Прокопенко Н. Н. Основные харак-
теристики SiGe гетеропереходных биполярных транзисторов при низких темпера-
турах. Рассмотрены вольтамперные характеристики (ВАХ) n-p-n SiGe биполярных 
транзисторов (БТ) в диапазоне температур от минус 195˚С до 25˚С, изготовленных по 
технологическому маршруту SGB25V фирмы IHP. Описана экспериментальная уста-
новка, методика измерений и особенности включения транзисторов для устранения эф-
фекта самовозбуждения. Особое внимание уделено температурным зависимостям 
статического коэффициента усиления тока базы в схеме с общим эмиттером (ОЭ) βF 
и выходной ВАХ транзистора в схеме ОЭ. 
Ключевые слова: SiGe биполярные транзисторы, низкие температуры, темпера-
тура жидкого азота 
